I. INTRODUCTION
The fear of automation is turning into the collective angst of our times. The concern of associated job losses has dominated the public debate, both in popular media and in policy discussions.
Almost everyone following the news has been exposed to headlines such as "Robots Will Destroy Our Jobs-and We're Not Ready for It" and endless discussions on what could be the jobs of future.
According to a recent review (Winick, 2018) , the most commonly cited numbers in such journalistic pieces come from three sources: a 2013 Oxford study that said 47 percent of US jobs are at high risk of automation in the next few decades, an OECD study suggesting that 9 percent of jobs in the organization's 21 member countries are automatable, and a McKinsey report which affirmed that 400 to 800 million jobs worldwide could be automated by 2030. 2 While there is little evidence on the extent of human displacement by robots (Autor and Salomon, 2018; Acemoglu and Restrepo, 2019) , such predictions have shaped public perceptions to the point that increasingly large majorities of people believe that robots will be doing much of the work done by humans within 50 years. This in turn is building concerns of how difficult it would be for ordinary people to find jobs and increasing inequality.
There are early signs that perceptions about how automation can affect our future may already be impacting people's behavior. There is evidence from the US 2016 presidential elections showing that "automation in recent years tilted the electorate into opting for radical political change" (Frey, Berger and Chen, 2018) . Concerns about automation are increasingly reflected in policy proposals too. For example, Andrew Yang, a 2020 Democrat Presidential Candidate, is running on a platform that promises to implement universal basic income for every American adult funded by a new tax on the companies benefiting most from automation. Thus, understanding what factors shape public perceptions of automation may provide valuable insights into ongoing economic and political developments.
In this paper, we address this issue. Specifically, we examine the factors that explain whether workers have a positive or a negative perception of how automation will shape the future of their own work. We do so by exploiting the information contained in a survey conducted by provided by Boston Consulting Group's Henderson Institute (BHI) on the Future of Work (BHI, 2018) . This survey, conducted in May 2018, interviewed 11,000 workers across 11 advanced and emerging economies to understand how they perceive the forces that shape the future of work. The uniqueness of this database resides in its wide country coverage and in the number of questions that allow us to relate the workers' perceptions to their personal characteristics, employment characteristics, and policy preferences. In addition, this survey deliberately excludes highlyeducated workers, and focuses instead on understanding the perceptions of less educated and lower income workers and middle-skilled workers.
We start by examining the role of personal and employment characteristics in explaining perceptions of automation. 3 In line with our expectation, we find that negative perceptions about how automation will affect the future of work are prevalent among workers who are older, poorer, and exposed to job volatility. Furthermore, workers with higher levels of job satisfaction and higher educational achievements tend to have positive perceptions. Exploiting regional heterogeneity, we find that respondents from emerging market economies are likely to have a more favorable view of automation than respondents from advanced economies. This finding is consistent with the evidence that about half of the total decline in labor shares in advanced economies can be attributed to the impact of technology (Dao et al., 2017) .
Next, to better understand perceptions, we explore the role of labor market characteristics.
Specifically, we examine the role of labor market's exposure to new technologies (i.e. degree of automation) and labor protection laws (i.e. degree of protection) in explaining perceptions. We find that while survey respondents from countries with higher degree of automation are likely to perceive automation negatively, respondents from countries with higher degree of protection are likely to view automation positively.
Finally, we analyze how workers intend to respond to rapidly evolving skill demands stemming from automation. We find that workers that have a positive perception of how automation will impact the labor market tend to acknowledge that reeducation and retraining will be needed.
These workers also expect governments to have a role in shaping the future of work through government protection and new forms of social benefits. Some of our results could have policy implications. For example, because the demand for protection and new benefits is more significant among women and workers that have suffered job volatility, policymakers could consider better-targeting these groups when designing new programmes to cushion the effects of technological change. This paper is structured as follows. The next section reviews the survey literature on workers attitudes towards innovation, technological change, and robotization. Section III describes data and presents main stylized facts. Section IV focuses on the factors that explain the perception of workers towards automation, and it dedicates two sub-sections to understand regional heterogeneity and labor market characteristics that explain perceptions. Section V studies what workers' expectations about how to respond to in terms of reeducation, retraining, government protection and new social benefits. Section VI summarizes the main findings and concludes.
II. LITERATURE REVIEW
Predictions on the number of jobs which will possibly be automated in the next 10 to 20 years vary considerably, and new estimates are likely to keep being released by research institutions, think tanks, and corporations. MIT Technology Review mapped the most recent studies and concluded:
"we have no idea how many jobs will actually be lost to the march of technological progress" (Winick, 2018) .
Despite the lack of concrete evidence for substitution of human labor by robots, public perception tends to show that citizens are generally pessimistic when it comes to the possibility of losing their jobs to machines. Public opinion surveys that have looked at attitudes towards automation, and new technologies in general, have found that a majority of people are concerned that the use of robots and artificial intelligence will cause more jobs to disappear than new jobs to be created (see ©International Monetary Fund. Not for Redistribution Table I for a summary of these surveys). More importantly, large majorities think that ordinary people will have a hard time finding jobs as a result of automation (Eurobarometer, 2017; Pew, 2018) .
How individuals view the impact of technology on their employment outcomes have typically been associated with their education levels. Early surveys of U.S. workers have shown that even before the impact of technology became a trendy research topic, perceptions of job security tended to increase with schooling (Manski and Straub, 1999) . 4 These results have recently been confirmed with new data. U.S. Workers with a lower education background are less optimistic about the impact of technology in general and feel more vulnerable in their jobs than workers who are college graduates (Gallup, 2017 (Gallup, , 2018 .
Cross country surveys have also shown that workers with lower education levels were more worried when thinking about the future of work than those with higher education levels, although the share of workers who were worried did not exceed one in three workers (PwC, 2017 and Fuze, 2018) . In addition to education levels, restricted access to information make people more worried about the impact of automation on their jobs (Eurobarometer, 2017). and income level. Finally, this survey provides answers to questions that had not been asked before in this context such as on the need for re-education or retraining and the role of governments in preparing workers for managing the impact of automation on the future of work.
III. DATA AND STYLIZED FACTS
The BCG survey is based on interviews of 11,000 workers in 11 countries: the US, the UK, Germany, France, Spain, Sweden, Japan, India, Indonesia, China, and Brazil. The survey deliberately excludes highly-educated workers-those with top tier universities' bachelor's degrees, master's degrees, and higher. Instead, it focuses on understanding the perceptions of less educated and lower income workers (60-to-85 percent of respondents with household income below their respective national averages) and middle-skilled workers. Thus, providing us with insights on the views of those with education levels below a four-year college degree.
©International Monetary Fund. Not for Redistribution The workers surveyed were presented with a framework of 15 forces expected to shape the future of work and were asked which trends were likely to have a positive or negative impact on their own personal situation. Changing customer needs, more skills and education, more freelancing and flexibility were all mentioned among the top forces shaping the future workplace. New technologies affecting human labor, such as automation and artificial intelligence, were ranked in the middle among the forces likely to have an impact on the respondents' personal future ( Figure   1 , left). Thus, workers think 'automation' is only part of the Future of Work story. On average, the expected impact of automation and artificial intelligence was deemed to be slightly positive ( Figure   1 , right).
For this paper, we build the main dependent variable using the responses from the two questions that ask about workers' perceptions regarding the impact of automation and artificial intelligence on the future of work. First, "How much of an impact new technology at workplace (e.g., automation, AI) will have on your own personal future?" Second, "Do you believe the impact to be positive or negative?" We combine responses to these two questions to build the variable automation that takes values 1, 2 and 3 corresponding to negative, neutral, and positive attitude towards new technologies. 6 After cleaning our data, we end up with 7,689 respondents distributed largely evenly across our countries with lowest number of respondents in Japan (504) and highest in India (837).
On average, the workers' perceptions about the impact of technology on the future of work are positive. 7 41.3 percent of workers think that new technologies (automation, AI) will have a positive impact in the workplace, while only 25.5 think the effect will be negative. Country differences are important ( Figure 2 ). For example, in India, Indonesia more than 50 percent of respondents have a positive opinion about the effect that automation will have in the workplace, whereas in Germany, or Sweden this percentage barely surpasses 30 percent.
Figure 2. The Effect of Automation on the Future by Country (Percent of respondents)
Sources: Boston Consulting Group (2018); and IMF staff calculations.
Potentially, a wide range of factors could explain the workers' perception of the effect of automation on the future of work. To capture the most important personal characteristics, we look
at key aspects such as educational attainment, age, income level and gender. Initial associations between the workers' views on automation and those personal characteristics can be summarized as follows ( Figure 3 ):
• More educated people (especially college graduates) have a more positive view of the impact of technology on the future of work compared to respondents with lower levels of education.
• Older respondents tend to be less positive about the effect of technology on the future of work. The difference between younger workers below 29 years old and older workers above 50 years old is substantial.
• Respondents form higher income quintiles are clearly more positive about the impact of technology on the future.
Gender instead does not seem to be an issue, although the proportion of respondents that have a negative view about automation is slightly higher among women that among men. 
IV. AUTOMATION AND THE FUTURE OF WORK
In this section, we exploit the richness of our data to assess more rigorously which factors shape survey respondents' perceptions of the effect of automation, or more broadly new technologies, on the future of work.
Specifically, we estimate the following model conditional on different combinations of country and industry fixed effects. otherwise. , is a vector that captures employment characteristics and includes the following variables: _ℎ is a proxy for job satisfaction that takes the value 1 (unhappy), 2 (neutral), and 3 (happy) in response to a question on "How happy are you with your current employment situation?", _ that captures the frequency of job changes in the last five years and takes the value 1 (not at all), 2 (once or twice) and 3 (three or more times), and which is a dummy variable taking value 1 when respondents are self-employed, temporary workers, company owners, or unemployed workers 8 , and takes value 0 otherwise. 9
Our results from ordered logit (or proportional odds) model estimations are reported in Table 1 .
We start by exploring the relationship between perceptions and personal characteristics (see column 1 of Table 1 ). Specifically, we note that respondents with higher levels of education are likely to have a more favorable perception of the impact of technology on the future of their work.
To interpret these coefficients, we use odds ratios. Associated odds ratios for these set of 8 Contingent workers in this survey would include the following: self-employed (e.g. a tradesperson, independent professional, freelancer) or small entrepreneurs with no or less than 5 employees; temporary workers employed by staffing agencies (e.g. Randstad, Adecco) or similar companies; company owners with 5 or more employees are also considered contingent workers; and unemployed workers. 9 Non-continent workers in this survey would include the following: Salaried employee in a large company (50 employees or more); and salaried employee in a small company (less than 50 employees).
regressions are reported in Table A .1 in the Annex. For example, an increase in educational outcome from high school to college leads to the odds of being more favorable about the impact of technology on the future of work to be 1.7 times larger, all else equal. In other words, for an increase from high school to college, ceteris paribus, we observe a 70 percent increase in the odds of being more positive about the impact of automation.
Income too is positively associated with favorable perceptions of the impact of technology on the future of work. An increase from the fourth to fifth income quintile leads to a 30 percent increase in the odds of being more positive about the impact of automation. Age, however, is negatively associated with favorable perceptions towards technology indicating that older respondents are less likely to favorably perceive the impact of automation on the future of their work. Finally, we note that the odds of female respondents being more favorable is about 8 percent lower than male respondents. All these results are in line with our expectations.
We extend our specification further by including the vector of employment characteristics. Results from our estimations are reported in column 2 of Table 1 . We find that none of the above results are affected by the inclusion of additional controls. Moreover, in line with our expectations, we find that the variable _ℎ is positively associated with a more favorable perception of the impact of new technologies on the future of work while the variable _ is negatively associated. Contingent workers have a statistically significant view of the impact of new technologies on the future of work.
It is still possible that unobserved heterogeneity across countries or industries might be driving our results. To control for this possibility, we estimate our baseline specification conditional on different combinations of country and industry fixed effects. Columns 3-5 report the results of estimations that include country effects, industry effects, and the combination of both. Finally, in column 6 we include country-industry pair fixed effects that controls for all country-industry specific shocks. The main results discussed above are robust to the inclusion of fixed effects and remain comparable in magnitudes. However, we note that the dummy, _ , and the dummy capturing Contingent workers lose statistical significance in some specifications. 10 11 
A. Regional heterogeneity
In this subsection, we explore the regional heterogeneity of our data by undertaking sub-sample regressions. We estimate our original model conditional on country-industry pair fixed effects, the most stringent specification, separating the respondents from advanced, European, 12 and emerging economies. The results are reported in Table 2 .
Three observations stand out. First, we note that only older respondents from advanced and (1), neutral (2), or positive (3). Columns 1, 2, and 3 correspond to sub-sample regressions for advanced, European, and emerging economies respectively.
B. Labor Market Characteristics

Some individual country characteristics such as labor market characteristics might help us better
understand what drives regional heterogeneity and the determinants of workers' perceptions. We explore this idea in this section by focusing our attention on two labor market characteristics at the country level. Specifically, we explore the role of labor market's exposure to new technologies (i.e. degree of automation) and labor protection laws (i.e. degree of protection) in explaining 
where is a vector that includes: which is the number of robots per thousand workers based on the data from International Federation of Robotics, a proxy for degree of automation in labor markets, and which is an index from Centre for Business Research at Cambridge
University that captures the difficulty for firms to terminate labor contracts, a measure of degree of protection in labor markets. This labor regulation index takes a value between '0' and '1' where '0' stands for no protection or the lowest protection offered to workers, and '1' stands for the maximum or highest protection offered. 1314
Our results from ordered logit estimations of equation (2), conditional on industry fixed effects, are reported in Table 3 . 15 At the outset we would like to note that none of our results relating to personal and employment characteristics discussed in the two previous sections are affected by including labor market characteristics variables. Education, age, and income have expected signs and remain strategically significant.
Furthermore, for our purposes we note that the labor market characteristics are statistically significant determinants of perceptions. In column 1 of Table 3 we include the latest figures for the number of robots per thousand workers in our estimation ( ). We find that the point estimate is negative and statistically significant. This indicates that respondents from countries with higher levels of robot penetration, on average, are less likely to have a favorable view of the impact of automation on the future of work. We notice an 8 percent decline in the odds of being more favorable about the impact of technology on the future of work for a one-unit increase in the number of robots per thousand workers. The coefficient on the latest value for labor regulation index ( ), reported in column 2, is positive and statistically significant suggesting that respondents from countries with higher levels of labor protection on average are likely to have a favorable view of how technology affects the future of work. A one unit increase in the labor regulation index increases the odds of being positive about the impact of automation by nearly 60 percent. Finally, in column 3 we jointly estimate the impact of the two country characteristics. Both of these results hold and are comparable in magnitudes.
We also undertake a robustness check by replacing the latest values of our labor market characteristics with the average for last few years available. For robot penetration and labor market regulation, we use the averages for the period 2000-2016 and 2009-2013 respectively. Results of these regressions are reported in Table A .2 in Appendix I. Our results are robust to using the averages instead of the latest available figures. However, we note that in the joint estimation, the number of robots per thousand workers loses statistical significance.
Table 3 -Automation and the Future of Work: Labor Market Characteristics
This table reports a set of regression where the dependent variable is automation -a variable that captures the perception of how survey respondents view the impact of new technologies on their own future, and takes the value negative (1), neutral (2), or positive (3). In addition to the original specification, columns 1 and 2 include labor market characteristics (latest values) that proxy degree of automation and degree of protection in an economy individually. Column 3 jointly estimates them.
V. AUTOMATION, RESKILLING AND GOVERNMENT POLICIES
In this final section of the paper we explore workers' perception about reskilling and government policies.
A. Reskilling
When workers are asked how much of an impact the future of work forces would have on their own personal future, nearly 55 percent of respondents expect new technologies to continuously raise skills requirements. Also, workers consider themselves as first responsible to prepare to the Ologit Ologit Ologit Standard errors in parentheses ***p<0.01, **p<0.05, *p<0.1 future of work, instead of the companies or the government (Figure 4) . With the exception of the United States (where more than 70 percent of workers consider that they are the first responsible to prepare for the future of work), the sense of personal responsibility is higher in emerging market economies than in advanced economies. The perception that the government should be the first responsible is only prevalent in France, but other advanced economies like Spain or Sweden also show numbers close to 30 percent of respondents who think the government should play a leading role. In Germany and Japan, instead, workers consider that companies have a higher role to play than governments in this adaptation process. If their choices were not limited by financial or practical considerations, most workers would build up their skills and take more time for themselves ( Figure 5 ). This is specially the case for independent workers, 46 percent would prefer to remain independent but focus on building new skills. In comparison, only 22 percent of non-contingent workers would reduce the number of hours they dedicate to their employers to rebuild their skillset. When asked about the obstacles that prevent workers from acting, most workers won't take a training or reduce their hours because of financial constraints. However, they also point to lack of time and clarity of options available to them ( Figure 6 ). 
where , , takes the form of two dependent variables named , , and , , . These two variables capture how survey respondents in industry in country view respectively the changing workforce structure as 'needing more formal education to find a job'
(reeducation) or 'more-on-the job training require to keep up' (retraining). These two variables take three values: negative (1), neutral (2), or positive (3). As in the baseline specification, ,j, is a vector that captures respondent characteristics. Finally, we include a dummy variable _ ,j, which takes value 1 when respondents had a positive view of automation and takes value zero for those that have a neutral or negative view.
Results are reported in table 4. Columns 1 and 2 report the results for the reeducation variable.
Higher levels of educational attainment, higher income levels, job happiness and a positive perception of how automation will impact the future of work are all associated with a positive view towards reeducation. Columns 3 and 4 report the results for the retraining variable. In this case, results are similar to those for the reeducation variable, with few important exceptions: the preexisting level of educational attainment is not a significant explanatory factor of the respondent's attitude towards retraining. Instead, age and gender become important factors; middle-age workers and women have a more positive view towards on-the-job training than other groups.
B. Government policies
Preparing for the future of work not only entails reeducation and retraining. Workers also see a role for government policies, in the form of government protection or new benefits. The final exercise of this paper consists in running similar regressions as those performed before on the variables that measure the attitude of workers toward these government policies. We estimate the following equation:
,j, = + ,j, + ,j, + _ ,j, + ,j,
where , , takes the form of two dependent variables named _ , , and _ , , . These two variables capture how survey respondents in industry in country view respectively the expected reactions of governments to the effect of technologies in the labor market. Two options are considered 'protection of existing forms of work' (gov_protection) or 'the regulation of new forms of benefits' (gov_benefits). These two variables take three values: negative
(1), neutral (2), or positive (3). The vector of independent variables is the same as in equation (3) above.
Results in table 5 show that women and those workers who have suffered a job volatility are more positively associated with expecting government protection. These two characteristics are also This table reports a set of regressions where 'reskilling' takes the form of two dependent variables named 'reeducation' or 'retraining'. These two variables capture how survey respondents view respectively the changing workforce structure as 'needing more formal education to find a job' or 'more-on-the job training require to keep up'. These two variables take three values: negative (1), neutral (2), or positive (3). In addition to the original specification, columns 2 and 4 include a dummy variable taking value 1 for those respondents that had a positive view of automation and takes value zero for those that have a neutral or negative view. 
Table 5 -Government Policies and the Future of Work
This table reports a set of regressions where the dependent variables are 'government protection' or 'government benefits' -two variables that capture respectively how survey respondents view the changing role of government 'in protecting human employment from the effects of automation' or in 'providing new forms of benefits to regular workers'. These two variables take three values: negative (1), neutral (2), or positive (3). In addition to the original specification, columns 2 and 4 include a dummy variable taking value 1 for those respondents that had a positive view of automation and takes value zero for those that have a neutral or negative view.
VI. CONCLUSIONS
Using survey data obtained from 11,000 workers in advanced and emerging economies, we have performed an empirical analysis to understand how workers see ongoing technological change and the deployment of massive automation, robotization and artificial intelligence in the workplace. In general, workers feel more positive than negative about this transformation, although the positive attitude is more evident in emerging market than in advanced economies. Our econometric exercises show that negative views about automation and artificial intelligence are prevalent among older, poorer workers, among those who have suffered recent job volatility and in countries with high robot penetration. At the same time, job satisfaction in the current position, higher levels of education (especially in emerging countries), and strong labor protection are associated with more positive views.
Most respondents are ready to prepare themselves for the future of work, and consider the government only partially responsible to help them navigate this process. At the same time,
companies are expected to also play an important role (an expectation which is stronger among advanced economies' workers). The barriers than workers mention are lack of time and lack of financial resources. If both were available, a majority would decide to retraing in order to prepare for the future.
Finally, workers that have a positive perception of how automation will impact the workplace tend to respond positively about the need to reeducate and retrain to respond to rapidly evolving skill demands. These workers also expect governments to have a role in shaping the future of work through government protection and new forms of social benefits. Some of our results could have policy implications. Additional fiscal space could be needed to finance major reskilling programs and/or new social benefits. Even within existing budgets, because the demand for protection and new benefits is more significant among women and workers that have suffered job volatility, policymakers could consider better-targeting these groups when designing new programmes to cushion the effects of technological change.
©International Monetary Fund. Not for Redistribution Annex: 
Averages
This table reports a set of regression where the dependent variable is automation -a variable that captures the perception of how survey respondents view the impact of new technologies on their own future, and takes the value negative (1), neutral (2), or positive (3). In addition to the original specification, columns 1 and 2 include labor market characteristics (period averages) that proxy degree of automation and degree of protection in an economy individually. Column 3 jointly estimates them. 
